Abstract. The utilization of spray-dried fat free milk powder in three different froms 1) untreated, 2) treated with formaldehyde (0.4 g formaldehyde/100 g crude protein) and 3) pelleted with barley meal (30 % milk powder and 70 % barley meal) was studied with three rumen-fistulated dairy cows according to a 3 x 3 Latin square. The effects of different treatments were investigated with respect to rumen fermentation, microbial determinations and milk and blood analyses.
Casein has a very high solubility. The percentage of the dietary protein escaping fermentation in the rumen is only 9 % for casein, whereas it is 61 % for soya bean meal and 71 % for fish meal (Hume 1974) . The utilization of this high quality milk protein is thus rather low, but can be improved by rumen by-pass (Chalmers et al. 1954 , Faichney and Weston 1971 , Asplund 1975 ).
In milk powder preparation different treatments are used including drying at various temperatures. How these treatments influence the solubility, and thus the utilization by ruminants, is not well investigated. The purpose of this experiment was to study, mainly with rumen fermentation and microbial determinations, the utilization by dairy cows of spray-dried fat free milk powder, in the following 3 forms: untreated, treated with formaldehyde, and pelleted with barley meal. These physiological investigations belong to a larger experimental program concerning in vitro (Syväoja and Kreula 1978) and milk production experiments (Syrjälä et ai. 1978) with skimmilk powder.
This program was begun because the over-production and marketing difficulties led, in 1976, to the use of skimmilk powder in feed mixtures for dairy cows in Finland.
Experimental procedures Experimental feeds and feeding
The experiment was performed with three rumen-fistulated dairy cows according to a 3 X 3 Latin square. Every experimental period lasted two weeks. The milk powder used in the experiment was spray-dried fat free milk powder, treated as follows: 1) Untreated milk powder 2) Formaldehyde treated milk powder (0.4 g formaldehyde/100 g crude protein) 3) Pelleted feed (30 % milk powder and 70 % barley meal)
The basic feed in every diet consisted of hay, grass silage, barley and oats preserved with propionic acid (Table 1) , and mineral and vitamin micxtures. The feeding was after nutrient requirement. In each diet 25 % of the digestible crude protein needed for milk production was replaced with milk protein (Table 2) .
At the beginning of the experiment the average time after calving was 36 days and at the end 78 days. Feeding and milking was performed twice a day. Milk produced was weighed at every milking. The animals were weighed at the beginning of every experimental period.
Sampling and analyses
The feed rations were weighed at every feeding time, these amounts being adjusted for energy and protein requirements every week. Food refusals were weighed once a day. The sampling and analysing of feeds were performed as described by Syrjälä et ai. (1978) . The rumen samples were taken six times on each of the last two day sof every experimental period: 1) In the morning before feeding, at 4.45 a.m.
2) 1 hour after the beginning of feeding, at 6 a.m The pH and ammonia levels were determined immediately for each rumen sample, pH with A Beckman meter Model 76 and ammonia nitrogen colorimetrically after centrifuging (10 min at 2 000 r.p.m.) according to a modification of the method of McCullough (1967) . The determinations of volatile fatty acids (VFA) were done on all the samples taken six times a day by gas chromatography (Cottyn and Boucque 1968) .
The rumen bacteria and ciliates present were determined for the samples taken at 4.45, 7.00 and 11.00 a.m. once during every experimental period. The total numbers and identification of the ciliates were determined as described by Syrjälä et ai. (1976) . The bacterial cells were counted using a counting chamber with Ixl mm 2 and 0.2 mm depth. Only total numbers were counted for the bacteria. Three preparations were made of each rumen sample for the counts.
The cell volumes for ciliate species were collected from the relevant literature (ref. Syrjälä et ai. 1976) or calculated according to the method introduced by Schumacher (1962) . For the bacterial cells the mean volume of 1 fi 3 was used (Warner 1962) .
The milk and blood samples were taken and analysed as described by Syrjälä et ai. (1978) .
Results and discussion

Rumen fermentation
The pH values of the rumen fluid kept within the normal ranges on all the diets, the limits being 6.14 and 6.75 (Table 3, Figure 1 ). There were no significant differences (P > 0.05) between the diets containing untreated or formaldehyde treated milk protein.
The pH values on the pellet diet, however, were higher than on the other diets especially in the samples taken soon after feeding (P < 0.01 or P < 0.05).
The highest levels for the rumen fluid ammonia concentration were achieved after two hours from feeding (Table 3 , Figure 1 ). The highest value, 18.5 mg NH3-N/100 ml, was on the diet containing untreated milk powder and the lowest, 15.3 mg NH 3 -N/100 ml, on the pellet diet, the differences being significant (P < 0.01). The highest level of ammonia concentration reached on the formaldehyde diet was between these values and did not differ significantly from them (P > 0.05). Following six hours from the beginning of feeding the ammonia concentrations of the rumen fluid returned, on all diets, to before feeding levels.
The total amount of volatile fatty acids varied, on the different diets and sampling times, between 7.0-11.1 mmol/100 ml rumen fluid (Table 3 , Figure 1 ). The differences between the different diets were not significant (P > 0.05), although on the diet containing untreated milk powder they were, at all the sampling times, a little higher than on the other diets. No significant differences, between diets, were found in the molar proportions of the different acids apart from butyric acid, the value of which, on the pellet diet sample taken at one p.m., was significantly lower (P < 0.01) than in the corresponding samples on the untreated and formaldehyde treated milk protein containing diets. The formaldehyde applications, 0.4 % of crude protein, used in this experiment seems to be rather low for the protection of the milk powder protein, as no significant differences in the rumen fermentation results between untreated and formaldehyde treated milk protein containing diets were found. The same formaldehyde treatment somewhat decreased, in in vitro experiments, the solubility of milk protein (Syväoja and Kreula 1978 Glimp et al. 1967 , Hudson et al. 1970 . How important a factor the temperature used in spray-dried milk powder preparation is in the protection of protein is difficult to say. The results concerning rumen fermentation showed that it could have at least some effect. That an increase in drying temperature decreased the solubility of milk protein, was found by in vitro investigations (Syväoja and Kreula 1978) . The lactose of milk powder could also have some effect on the rather low rumen ammonia concentrations. Readily fermentable carbohydrates have been found to depress ammonia in the rumen (McDonald 1948 , 1952 , Barnett and Reid 1961 , particularly with rations containing large amounts of soluble nitrogen (Syrjälä 1972 (Syrjälä , 1977 Composition and volume of the rumen microbiota
The ciliates found in the rumen fluid of the experimental animals represented 21 different species (Table 4 ). All species were not found in every sample. The genus Entodinium formed the largest numbers on all the diets (Figure 2 ), but the genus Diplodinium had the largest total volume (Figure 3 ). The highest total number of ciliates was found with the animals on the untreated milk protein diet and the lowest number with animals having the pellet diet, the differences between these diets being significant (P < 0.05).
The numbers of bacteria on the different diets did not, however differ significanty (P > 0.05).
The ciliate fauna comprised of more different species than on the silage based diets with sheep (Syrjälä et ai. 1976) when, for instance, the holotrichs ciliates were completely absent. The holotrichs require soluble sugars as a source of energy (Hungate 1966) . In this experiment the animals received sugars both with milk powder and forages, on average a combined weight of 1 165 g/day, on the different diets.
The contribution of bacteria to the total microbe volume on the different diets was on averege 80 % and that of ciliates 20 % (Figure 4) . The pellet diet tended to increase the proportion of bacteria, wheras with the diet containing untreated milk powder the proportion bacteria of the microbe mass was a little lower and that of ciliates respectively higher than on the other diets.
The contribution of bacteria and ciliates to the total microbe mass, was however, in this experiment, about the same as in former experiments (Oxford 1964 , Warner 1965 , Syrjälä et ai. 1976 , although in some experiments the ciliate mass has been found roughly equal to that of bacteria in domestic ruminants (Abou Akkada 1965) and 4.6 times as high as in semi-domestic reindeer (Syrjälä et ai. 1973) . The total volume of microbe mass of the rumen content was, on the pellet diet, lower than on the untreated and formaldehyde treated milk protein containing diets, the percentages being 2.9, 3.3 and 3.2 respectively. These values were somewhat lower than those obtained in grass silage and different carborhydrate diets containing experiment with sheep, where they were between 3.5 -5.2 (Syrjälä et ai. 1976) .
Milk yield and composition of milk There were no significant differences (P > 0.05) in the milk yields on the different diets, although on the pellet diet it was somewhat lower than on the others (Table 5) . Also, the fat and protein contents of milk were lower on the pellet diet, the differences only being significant (P < 0.05) in the case of the protein content between the pellet diet and untreated milk protein containing diet. The effects of untreated and formaldehyde treated milk protein on the milk yield and the composition of milk did not differ from each other or those of the experiment with high producing dairy cows (Syrjälä et ai. 1978 ). Composition of blood There were no significant differences (P > 0.05) between the different diets in the concentrations of the blood constituents determined. All values fall within the normal ranges (Rauen 1964) . The results agree with those of the other milk powder experiment with dairy cows (Syrjälä et ai. 1978 
